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Physical Exercise and Lipid Metabolism
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(Director: Prof. Nam Ki Yong)
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=Abstract=

To investigate the influences of physical exercises on lipid metabolism in human, serum lipids were
determined in swimming, weight lifting and wrestling athletes after loading ‘their' proper exercises for
«certain periods of tims, Atherolipid numbers were also determined in these hardly exercising athletes.

Besides same time, experimental studies were carried out in rats to see the effects of high-carbohy-
drate, high-lipid and high-protein diets of 1, 2, 4 and 8 weeks duration upon serum total cholesterol
level after the physical exercises.

The results obtained were as follows:

1. In studies with athletes, the serum concentration of various forms lipids and atherolipid number
‘were increased for some periods of time by imposing physical exercises.

2. In experimental studies with rats, various dietary effect upon the serum total cholosterol level
-after loading physical exercises were as follow; on high-lipid diets, the serum level increased upto the 4th
-week and thereafter kept the same increased level until the 8th week; on high-carbohydrate diet, the
level increased upto the 2nd week and extended to the 4th week with, ‘the same increased level, but
somewhat decreased at the 8th week; and on the high-protein diet, the level increased upto the 2nd

week, and decreased progressively from the 4th week.
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tsd Brown et al. ¥off sl HF EHE S 8
el FRAA KBRS atheroma 7t -] A€ = it
B RS Bzslgdela g}, o]l low cholesterol
diets] §1614 % high cholesterol diet ] o} z-& fH[e]
Agicta stgict oW Hpe W HRS mERN
total cholesterol & &oll W #LE Hkslr] =) -Folzh
2 B3 gl P T e BRAAE st dAG
W2x LR By TRz & 8%= g0

ol=l KRB BIKS Sanyster et al.1Po] #i&giulo) L&
#£%0 W% BN 1Sk BLelE X Schalch™®r} Hid
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AE ERIA 09 EEEFE HEon o MmiF
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1) REER:

a) ANBER I HeERS ¥, dla", KRG
ZHEAE BIde. HEE —B 1A% F510,000kg
4 2EYS HFigow Y. #HayL 18 EHES
FHT 2EE, AR 2E BT HES e Aoz
o] FEABLE 4. AKEke& 1 H HBE Kik
ol A Fig 1km, Frkste 24 Bgo s sl 1B
5 AR PRE sl EBii=l Eshigd sl =)
itk 485 Elol KBAIA BEA#% 3,000 rpm
.2 giste] migS SRSt Sl el el

b) EBREM © 150~180 gm. &) H i (sprague dowley) &
EpsdA Efges 1A #H5F # o2sk 2o
How St WAEIL.

ARE  HBE

B# R ABNUEE 5%, KB 3%)
CHt =HRBIFARGEE 50%, W 35%)
D# BEARKGEE 70%, 'S 25%)

H#WE BWE 60vtq st wESG . EEHe &
A treadmill & RS HH 3044 (Q0m/min) 5
W, e 204 EHHE A

¥ WEE A8 107}e]4 decapitation 3t A3l
Sl A 4 B B WEAIRLE 3,000rpm 0B Ly
st mES Aqh

2) M% total cholesterol Bk :
© Zack et al.'®kd)] #Ele] BIESG . Bl 10 ml volu-
metric flask o] 0.4ml¢] miE-& 713 o7]d] 4mlY
acetone . methanol(1 : 1) mixture -8 fisle] EEGAAA
boiling water bath 2 &7/t B4ES 72X miEsts =
BEAAR] BHAZ % 10ml mark 7}x]  acetone ! methanol
mixture & A>3 Whatmann No. 40 ¢] gz WiEA
2 F EWW 1LomlE EERE &A KiEdA BE
B 7ABAASL. ohS blank EREE-S deffdle] £E
glacial acetic acid & nsled 3.0ml2 #4 =) o] % hot
water bathel] 30 % F9l=t7t B#ALE &84 2.0ml
2] color reagent(FeCls6H,Om' glacial acetic acid) 2. 0 m!
E st & BAAR thE 20 5k 560 mpdl 4l b
=R

D mH KIS REk

Cornerty et al193ol] fkske] WEshsivh. BN My 0.2
ml E digestion tube(10 m1 o)} mark 7} ¢] &= glass stoppered
tube)el] &7l T oJ7le] 5% trichloroacetic acid 5 0mb
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B %Hs £8 W 2,000rpme] 4 2045 ELS
Bisle] LRER-E welth obg B FE ATER
o %7 & 55235 KFEeHE digestion mixture(water !
conc. H,SO; ; 709 perchloric acid 50 : 50 : 50)-5 1. O ml
pnske] sand bathol A Epfbdhe}. sEampbl SW EE
ol 140 wEsta s 10mly) Fgas gkl o
2 50% Na-acetate 75%% 1.0ml & fnslz. HREAKE 10
ml mark 74x] AL} ©}-& 2. 5% ammonium molybdate
1. 0ml Elon %# 1.0mlE st 154 F=k7 700
my oA HfEE e

4) MiF triglyceride BIFE : Von Handel et al.20%:
3 fkated @iEstgl el BN total cholesterol -2 #iEs] 4
she] RiHE K 1.0ml S FEBEd 71 BiEs
s5e%3] A7}k ©hL 0, 4% aleoholic KOH E- 0. 5ml.
skl 60~70°Cel| 4 20 4[4 saponify kel o1& 0.2
N N,SO, %#5-2 0.5ml jnste] water bath fel]4] 15 4
[ boiling 3t}

t}-& Na-periodate % 1#§-S fnste] 10 R HEst
3. Na-arsenate %9 1168 foste] 10498 HEISE
£4%0]] chromotropic acid %% 5. 0 ml 2 ppgli% boiling
water bathel] 4 30 78 REAA% ZWAR HHESTL
540 mu oA HEstgl el

5) Atherolipid number 5% © Searcy et al.'¥ o] IR
She] HESE ). o)wlel] total cholesterol & =14 HIE
g Aoz {HAEY T «, B-lipoprotein-cholesterol & i
E9] $)ste} pH 8.6 veronal buffer %%, 3mA, 85
volt o] 4] 16 BE[¥1e] BANEREC R MFS SRS
ole] JEHE Whatmann 3mm E FHg = mE0.2

B-lipoprotein-cholesterol
a-lipoprotein-cholesterol
10 ’

. ., mg%e-serum-total
Atherolipid chol:steol
.number=

BB RS

1 EEESFMERN SBEHRASS 8

1, 2 3% 2 1, 2, 3ENA nieule] o] F
9 KEGEF oA MmiFEA total cholesterol 4 &l
g A EFHERE )= 152. 616 3mg o] Kizle] EE
Bkl 175.619.9mg% = HEim=lglel. BEEC 9
AL EEERR 138 147 4mg% o] WA o] EHH
T 17.1945.4mg% = Bnstd o triglyceride of
e A & BERATC 102 747 3mg% o] WA o) EEy
Bk 124. 747 2mg% = R Einstd ok

JIEEFN A 2y miFR tetal cholesterol 4 8¢ ¢l
o] JEBE TRl = 206. 43-11. 6 mg% o] W A o] EHERT
%o 227.34-11. 4 mg% B ¥ =) g3 phospholipid &5
o glelAl & EBNAMFIY 206, 3:£11. 4 mg% o] ¥l A o}
SEH B H 235049, 3mg% 2 Binstd = & to-
glyceride 4 &l glo] Al = EHBRTRijel] 106. 6+6. 8 mg%
olwl A o] EBHAH e 126. 949. Tme% & Bjn= 3 9l
ot

H AYPEE A= MmF total cholesterol 48 o]
EEHENR 214.247. Tme% ol A ) EHER B

246. 8-+8. 5mg% & @instgl L phospholipidoff glel 4
B ESIEMRC] 211 84+10.9mg% ol vl Ao EEBK

el 239.749.4meg% 2 HBin=glm, triglyceride & &
o] QA= EEIERR] 98 9+11. 7mgelwzie] &

Bl = + 9 L ouk .
ml g KB Atherolipid number & & el & ?}ﬁﬁfﬁ"” = 134.2:07.9mgg 2 A wel sty
ste] R} ’
Table 1. Serum lipid content of swimmer
Before exercise After exercise
No.
Total cholesterol| Phospholipid Triglyceride | Total cholesteral| Phospholipid Triglyceride
1 136 115 160 141 140 177
2 136 134 79 144 160 115
3 147 156 105 220 184 115
4 133 115 116 144 168 126
5 125 105 99 133 156 126
6 174 126 99 190 185 127
7 179 154 80 203 183 118
8 165 147 105 196 160 126
9 175 169 98 200 188 112
10 156 160 86 185 195 105
M2-SD 152. 6+6.3 138.147. 4 { 102. 7+7.3 175.649.9 171.945. 4 124.74£7.2
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Table 2. Serum lipid content of weight lifter
Before Exercise After- exercise
No.
Total cholesterol, Phospholipid Triglyceride |Total cholesterol| Phospholipid Triglyceride
1 198 150 134 242 202 138
2 172 188 129 184 200 138
3 167 195 67 175 206 79
4 172 154 88 188 207 107
5 253 254 83 277 265 97
6 221 197 114 232 257 126
7 201 223 106 222 240 120
8 244 260 110 284 280 174
9 215 217 125 227 230 172
10 221 225 110 242 1283 118
M+SD 206.4411.6 206.3+11. 4 108.6+6. 8 227.3+11. 4 235.049.3 126.949. 7
Table 3. Serum hipid content of wrestler
N Befam excreise After exercise
o.
Total cholesterol| Phospholipid Triglyceride | Total cholesterol Phospholipid Triglyceride
1 233 260 155 300 305 172
2 182 172 116 234 215 118
3 233 185 86 252 215 119
4 262 213 82 294 250 155
5 171 217 99 203 232 153
6 183 210 61 195 256 86
7 187 215 99 247 240 138
8 244 234 ‘099 253 240 - 125
9 214 206 80 218 216 114
10 233 206 112 272 228 162
M+SD | 214.2+7.7 211.8+10.9 | 98.9+11.7 246.848.5 239.7+9.4 134.2+7.9
50 Bef 2. Atherolipid number 0 BESHO! :
40 ;
o Exercise # 48N A mulsl o] Atherolipid numberel] ¢l
20 AN Sl AP EPA o] EBIAMRN 26.50]R o]
191 ATty cise EBEATR 6112 24 BHdz AKKEFA ¢
2004 B e
501 A A& EFHAR RG] 20. 60151 A ] EENEW RGN 48.5
801 S=Swimming 2 Emstgdcl. s HEEF A= EBEFR
70 W"n’f;?:; off 26.40|RAA o] EEEMHK & 40.924 o7 KE
:g WR=Wresling wmatg et 22 EHS A A REFA gle] o
40 izl 14 F4h-&& ngkth
01 3. #Fo Aol ZEAEN O BHRAFE EEt 0
‘23 #A total cholesterol £ kL :
100 5% 9 BL4ENA = vl o] BEKREER,
mg% L ARV &, BESRI Jd EFHERT ARMBR total
’ S Wt ] cholesterol 282 91. 7+4.5mg%, 92.3+7.5mg%
Fig. 1. Serum total cholesterol content of athletes. 9L.7+6.1mg% B4 £8a] glo] & %4 g8 ¢
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Fig. 3. Triglyceride content of athlets.

= a2iv AEE Bt BEg=A S8 nER
total cholesterol &8-S WIER 451 Bl QolA g
B A= 113.747. 6 mg%, Sighigel4: 129. 7+
5.8mg% H BEHANAL 108.24+7. 9meg% = 28
ol 4 HEmstE o EEEHAANA S e Bl gl
A BEARNA Bt 7 Adel 8258 glo]
t EEEAC] 122.548.5mg%, Eiglito) 133.5+
5. 1mg%, E&EeAo] 112937 0me% & 5138 &
st 28 e Hmala ddth F4B dANEE

2

PEE &) 128.5+4. 1mg%, HfEMi&el 138 615 5mg
% 2 @metgl ot 85 2 e o) o] E] & Bine
dx BEARY JoAE 95 845 4mg% 24 BES
A BOIL & A& BRI 8B oA &
EEAL 101.116.5mg% 2A EHEMHEZ S 184 »
o= EER ROSEE Aol g2 SR RAA = 135.5
+5 6mg% 24 E 8L & Ao Jdehin 99l
o}t g BmEAR A= 86.416.0mgH% BA E
2o EBAMN B SREEE RES] find o K
EE JeE 3 gl o EAERe] & A& 2tk

Table 4. Atherolipid number of athletes' before and

after exercise

mg% B-lip.-chol.

9
mg% serum total chol. X mg% a-lip.-chol.

10
No Group Before After
1 Wr 23.3 450
2 ” 23.4 23.7 |
3 ” 30.3 45.4
4 4 30.5 52. 4
5 " 23.4 2.5 28.4 611
6 4 18.3 35.1
7 ” 18.7 74.1
8 " 20.2 61.0
"9 ” 29.9 174.0
10 ” 46.6 72.6
11 S 27.2 144.0
12 ” 11.5 20.0
13 ” 33.5 20,6 40.5 148.5
14 ” 19.0 20.0
15 4 12.5 18.3
16 Wt 31.4 49.2
17 4 27.7 }26. 4 38.0 }40. 9
18 4 20.0 35.5
% 2

BEpExe EBMFEHRS S B!

1, 2, 3% 2 81, 2 3EANN 2 akel 3ol m
¥ total cholesterol, phospholipid 4 trigyceride & &l
g} EHS HH —~CEAMANE —EMiEg M
Pl 2RI #in=Elx dodEl - KKEFA el
total cholestero! 282 #5 15%, phospholipid £€&-2
25%, triglyceride &8-S # 20% ®instgvt. HERTF
o] gle} A& total cholesterol 4 8:0] # 8. 5%, phospho-
lipid %740) # 15%, triglyecride &&°] #1 20% *Bln=)
=z ggvk # 28 EF glejA & total cholesterol & &
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Fig. 4. Serum cholesterol level. cf rat

o glel #7 10%, phospholipid &8+ slel ¥ 10%,
triglyceride &8 glol #7 30% 9 EWwze nojax g

Table 5. Serum total cholesterol level of rat
l Serumtotal cholesterol level (mg%)
’ Before After 1 week - After 2 weeks After 4 weeks After 8 weéks
High 98.5, 87.2, 96.5 121.5, 115. 0,' 120.0] 122.5, 125.0, 130.0| 135.5, 126.0, 121.0, 98.0, 99.2, 105.5
CHO 97 5,» 86 4, 88.0| 105.6, 116.2, 121.0; 116.5, 120.0, 125.0{ 130.0, 129.5, 123.5 116.5 98.5, 90.0
Diet 95.6, 89.5, 880 99.8 1050, 122 0/ 118.5, 117.5, 123.5{ 131.5, 127.5, 130.0 - 98.5 105.0, 99.5
. 90.0 110.5 126. 5 132.0 100.0 '
h_'iegf‘D 91.7+4.5 113.7+7.6 122 5+8.5 128.5+4. 1 101.1£6.5
High 96.5, 86.2, 100.5 125.5, 122.0, 135.0{ 135.5, 140.5, 130.0| 130.6, 136.5, 140.0{ 130.0, 142.0, 137.5
Fat 99.0, 97.5, 84.2 118.0, 130.0, 127.0] 129.5, 135.0, 125.5] 137.5, 125.5, 142.0/ 135.5, 129.0, 140.0
Diet 97.5, 79.5, 83.6 129.0, 126.0, 119.5] 130, 5, 125.5, 132.5/ 140.5, 145.5, 145 0 132.5, 127.0, 145.0
98.0 125.5 140.0 137.5 136. 0
Mean 92.3%7.5 129.745.8 183.545.1 138.6+5.5 185.5%5. 6
High 97.5, 98.5, 782/ 105.6, 100.0, 99.0[ 116.5, 110.0, 100.0{ 98.5, 87.5, 100.0| 87.5, 855 79.5
Protein | 87.5, 96.5 88 7 115.5 120.0, 98.5 120.5, 105.5, 115.5/ 95.5, 105.0, 99.0/ 75.5, 92.5, 950
Diet 92.6, 98.5, 89.0{ 115.0, 105.0, 105 0; 119.0, 121.5, 105.5 89.5 90.0, 925/ 885 79.5 880
90.0 118.5 115.0 100.0 92.0
l\i’lg‘j"fl 91. 7+6.1 108.2+7.9 112.9+7.0 95.8+5.4 86.4+6.0
Body
weight
3 . ek ol BE AW —RINLE MEAN RBRS
%=X High CHO diet @ins)m ggled 43 triglyceride & st 22
*---.-—o High Fat diet .
9n tet e & gtm Bl A A2 mEe] Qo] riglyceride &
501 o—-—e High protein diet _ ) .
‘ £ #ot Ak @ Keys, et al 9o ksl EHhol
49 we} @A cholesterol & &e] #k-l Yor = #im
%01 &e EEA%ES Wel thErha 9w Montove, et al,®
204 Leake,® Campbell et al.? &2 FEFpl] glol FEfipol] wle)
o] { 2 A HEER M BN RN, EEEEY Wil
1004/ 2otz gk & Ewel gled 4% BHESEY
90- ®/hot 2vke Aolvk, Elm chiEliLithel dlol Ein
601 o] mhw Al EE Ko BA JEEF el
701 wmEo] TAL e BEMG ohdrt ek W
col Campbell, et al. 4] {ka}d Ehol el d5sA =
5ol W2 dnde] fle fvka stu den) #EE BR
me% o2 S vd REBBEFEEA KT D] S8l
7 E EFHAE KR Emz gt AL BRIG
1 2 4 8 28] 3. Aleksnadrow, et al. 104 f&3}d B AR 3
W

oA e AMAE cholesterol o] 1} JaRHMES] Af
Rol {B#ATHT 815 2 Schalch, et al 19 MBS A1
A AWASR AFE e AEUS) Hut BN
fobn ok ol% YT EEY Hin: mAEA R
RS BME A oA B4 g Asue B K
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£ BUHEHAS REAT L BV ERE REAZ G &
<+ ok oW B Fge mE¥go]l KAcldm @
Tyl AATREY BEL a4 g& Ao %a g
2o QEYY IS FE IS Ao ¢F Yol M
FERIERSl = slvhe Bhel BT sk
ZEla EEpe] #8 BERGEE REAR T E B
K R A £ BHRSY AEKE REAd H
B/he wRete Aoz dx Ydeh I mERN IR
Borg BmA = she e s Suct ERHAHS 18
dse o] BER mER BERRSY #ne St & b
Arke Aelel

2) Atherolipid number 0| #3}04 :

54 Fl 4] putel o] Wl AT elA EH
B 26,5010 A 0] EHAWHK 61124 9 200%
LAk @hndel slgm KECEFANA B 120%, 1E
BFAA K9 70% 9 HEe]l A= mER total
<holesterol &8>} -lipoprotein 582 i BIFE{L
SEF FED HET gz 3t Searcy, et all9.2 at-
herolipid number #+ @& {#AE7] fAfEsldek B at-
erolipid number ¢] &Nt BIREILEY SET Bobe
Zolel, —#E A atherolipid number & 98] SEAd]
ool PAER gl EEEFIL ARt B4 ¢
2= ¢g7t glov —EHH S HEiEstn A4
4] atherolipid number & ¥ Zflid] glo] —@fjo=
B A Frel S AN EFA gle] Ehnze) 2AL &
Steh o F olwl B AR e HEiESA Eelg ot
FHignge] MES A=), ¥ Brown, et al.¥of| k4
ER gl —EES) HI B5He RUH S
aorta o] atheroma s} 47 AL FWRIY T old miF
A total cholesterol &&2] #inrt Y28 WAs G
I greb, 28]y} o] atherolipid number 7} ZREARIS
B B a22le] ArEE A Fiske] Haus
B4 FReE EotbeXe o ERE MEely 47
=

3. EEhA%e S0 mE miF total cholesterol &

B2 gk

EEd glelA B A4 £HE BEAe §
g, aEAAR E4styd miER total cholesterol
Fke) BMLE BHEI FoE FA4BOIA Rubs} 2
o] 23 BRIl 227t 4ot #1586 AN 25
A4 @hngta glgleh e HiEmzRe] BEAS #
22%, =ERIAES 10 38%, HEARS © 18% ¢ 8
mES BiEHRe] A ez BEAg] A v
ok 28l & AR F1EA et By sgovt
HEMAEL ARTE vl Ha4Bd AAE BB

ol HEH AL ET #Hndw Hiel g o SEE
B E 238 Mt £ 20% 9 WAOFES nelx g9
ok 8 el A EHEAS B4 k3 # 10
%, BEBAARS BESY B 10% 9 ELEE vydx
HBHES £T WO HAcigddeoy & #kE &
7k fgivk o B EHS A mER BHRS
%3] total cholesterol &5¢ ®|inst Avhe AL W
vk gl oje] BEEd] kel = @Eslal Qo P o
B A UL HER 2L ARS AA syl
oL Bl BEA R o) total cholesterol @E?—]' HEnEs
o] 73 Fm el £ fHSE BEERCE WAT
Axnct EEDE Aok Wilson,? Itallie, et ai.”rﬂ] i
shed Edhel] glo] EFe) Xos EEI E@HEFY
£ glodA = BEHAS By BEAaL &
Aol ~EWME WA H9 5 Keys, etal 0o &
kel wlel EEEY total cholesterol 4Bl %7 &
A4 Qlebx 5493 Campbell,” Stulb et al.P5 = &
And we BHES B/Le D% MR total chole-
sterol & &l 2 BLE A& 4 glelz sl
&0 miE total cholesterol & &o] Affe] wel =)
BE 4 o i FEAARL —THHS O
total cholesterol &8 ETFA A} st} o]l BES-
WeAol AERAA BIEHENAE B8 3/
EFifel U BEAAS H4EEYY ETHL e
V #35 BEERY B AL S5t B A4
Ee Jfstedl Sl B =8l FHelela wlEr)

A

EEpo]l A R vAls BEE BEs) 8
stel ‘PEREiTel A HEy BHE EfHEHes ¢
HA Kk, JiE, AN EPY —EHn EHEAME
MEN &8 BHKSS 8MbE Bl n okgel at-
herolipid number & F&slg ok

3 A EFHERHY Mi5A total cholesterol &
Bl v BEE 27 B3k R & mEW,
BEHAAS SHEM RHfse] B1E, 28 F48 ¥
%8 M mEEA total cholesterol 4,88 AlEsle 7 #%
L BB 923 2 432 g9

1 SEERF Yo EEHE KA —EHREd
£ IMFEA FREIBE ) Binstz gl 9l o™ atherolipid
number = 3 hnla gl gl

2. AR glol Rffike] EBEME MR total ch-
olesterol &84 vlX & HEE BEHAS E4871A=
g wmsldw FeMe FLFAS T Bk 9l
o EEaS F2E/XE Bmeldn F4BA= 2
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